Summary. Eight diabetics were found among 464 children, mean age 11.2 years, of 311 unselected insulin-treated mothers. By a method of age correction the total diabetes prevalence among the children at the age of 25 years was calculated as 3.4%. Three children were non-insulin dependent and these patients and their mothers may belong to the autosomal dominant type of diabetes, so-called MODY. In two of the other five families the fathers also had insulin-dependent diabetes; in two more cases first or second degree paternal relatives were insulin-dependent diabetics. Thus the prevalence of insulin-dependent diabetes among the children of insulin dependent mothers married to non-diabetics is calculated as 1.5% at the age of 25 years.
Patients and Methods
Four hundred and seventy three diabetic women were traced who had been treated during pregnancy by diabetic clinics or obstetric departments from nine German Universities (Kiel, Hamburg, Hannover, G6ttingen, Bonn, Cologne, Giessen, Frankfurt, Wtirzburg). In addition, 70 women were contacted through a lay organisation for diabetics. Of the total, 49 women (= 9.0%) had either died or their addresses could not be found and 101 (= 18.6%) refused to answer the questionnaire. The 311 of the remaining 393 women included in the study 1) had been treated with insulin within 6 months of the diagnosis of diabetes and ever since, 2) were treated with insulin before conception, and 3) had given birth to at least one child living longer than 6 months. The mean age at diagnosis of the diabetes in the mothers was 15.2 years.
For the age correction, a method described by K6bberling [10] was used. The relative risk of having developed diabetes at any particular age can be calculated for all those who will have diabetes at the age of 25 years. For the present study these relative risk figures have been calculated from the incidence data published by Christau et al. [3] (Fig. 1) . Very similar curves are obtained using data from other authors [1, 15] but only Christau et al. have published reliable incidence data up to the age of 25 years. The reslSective value for each child was calculated according to Figure 1 , thus giving an "age reduced" total number of children. The 7 children at the age of 20 years, for example, were calculated as 7 times 0.82 = 5.7 "age reduced" children whereas the 17 children at the age of 5 years only amounted to 17 times 0.12 = 2.0 "age reduced" children. The number of diabetic children divided by the age reduced total number yields the calculated prevalence of diabetes among the children under the assumption that all of them will reach the age of 25 years.
Results
Information was obtained from 464 children with a mean age of 11.2 years. The age distribution of the children can be seen from the life table in Figure 2 .
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Pig. 1. Cumulative risk of developing diabetes up to the age of 25 years. This curve has been calculated using incidence data published by Christau et al. [3] 100 >2 >1. >6 >8 >1o >12 >lZ, >16 >18 >20 >22 >2/~ >26 >28 >30 age (years) Fig. 2 . Life table of 464 children of insulin dependent diabetic mothers. The numbers indicate the children who had been at risk at each particular age Table 1 . Present age (years) and age at onset of diabetes of the mothers and the diabetic children from the families shown in Figure 3 Family 
Fig. 3. Pedigrees of 8 families in whom a child of the insulindependent diabetic mother has developed non-insulin dependent (I-III) or insulin-dependent (IV-VIII) diabetes + = deceased
Eight children were reported to have diabetes (Fig. 3) . Their ages at the time of the survey and ages at onset of diabetes and that of their mothers are shown in Table 1 .
Three diabetic children (families I, II and III) have been treated without insulin for 3, 20 and 1 years respectively (Table 1) . Further diabetic members in two of these families developed the disease after the age of 50 years and have never been treated with insulin. Ketoacidosis has never occured in the three mothers. In spite of a long duration of diabetes, the mothers of family I and III were treated with relatively low daily doses of insulin (20 and 24 IU per day respectively).
Two of the diabetic mothers with affected children were married to an insulin-dependent diabetic husband (families IV and V). We have only seen this occur in one further family with a non-diabetic nine year old daughter. The mother in family IV has a non-diabetic dizygotic twin sister.
In the remaining three families, diabetes occurred in the families of two of the husbands. In family VII the father and the aunt of the husband developed non-insulin dependent diabetes at an older age, and the uncle was treated with insulin for an unknown period. In family VIII the brother and the niece of the husband developed insulin-dependent diabetes at the age of 40 and 12 years respectively.
For the calculation of expected diabetes prevalence at the age of 25 years family III was excluded since diabetes was not diagnosed until the age of 31 years. The age reduced total number of children (referred to the age of 25 years) has been calculated as 207. The overall prevalence of diabetes at the age of 25 years is therefore 7/207 = 3.4%. Excluding all children from conjugal diabetic parents the prevalence was only 5/205 = 2.4%. The total prevalence of insulin-dependent diabetes was 5/207 = 2.4%. The prevalence of insulin-dependent diabetes among children of mothers not married to a diabetic husband was 3/205 = 1.5%.
The diabetic mothers reported insulin-dependent diabetes among their parents in 1.0% and non-insulin-dependent diabetes in 9.8%. Seventeen siblings of the mothers have insulin-dependent diabetes, a prevalence of 3.2% at the age of 25 years.
A computer printout with detailed data from all 311 mothers, their parents and siblings and the 464 children may be obtained on request from the first author.
establish a more than additive risk in conjugal families this would support the concept of recessive genes playing a role in the aetiology of the classical juvenile type of diabetes [12] . The fact that in two of the remaining three families with insulin-dependent children (VII and VIII) insulin-treated diabetes occurred in the families of the fathers is interesting.
The three children with non-insulin dependent diabetes with a duration of diabetes between 1 and 20 years have to be assigned to the maturity onset type diabetes in young people, called MODY [16] . This type of diabetes is characterised by an autosomal dominant inheritance and familial occurrence is therefore often observed. None of the three mothers has ever experienced ketoacidosis. It is therefore probable that these mothers, in spite of being treated with insulin for 23, 34 and 35 years, belong to the non insulin-dependent type of diabetes. Further investigation is needed to qualify the estimation of individual risk figures in genetic counselling. It is not improbable that the risk for children of truly insulin-dependent mothers is even lower than has been calculated from the results of this study.
Discussion
The results of the present study confirm that the risk of offspring of insulin-dependent mothers developing diabetes is very low. For the purpose of genetic counselling the risk can be summarised as about 2 to 3 % (including non-insulin dependent diabetics) if the husband does not have diabetes. This is similar to the figure of 2.8% at the age of 25 years calculated by Degnbol et al. [6] using a different method. Recalculation of the data from these authors with the method used by us yielded a prevalence of 3% at the age of 25 years. No exact figures can be given for the risk of developing diabetes later in life but it is probably also very low. Maturity onset type diabetes will probably develop in these offspring with the same frequency as the ordinary population [11] . That diabetes is a "hereditary disorder" should therefore not influence family planning to a great extent in patients with insulin-dependent diabetes.
The observation that in two of three families with conjugal insulin-dependent diabetes, a child has developed the same disease suggests a much higher risk for these children. The numbers are too small to calculate risk figures but the deviation in diabetes incidence among offspring from that in non conjugal families is unlikely to be due to chance. No other data are available in the literature about the risk in families where both parents have insulin-dependent diabetes. Data from unselected diabetics [4, 14] do not help to answer this question. If further studies
